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Abstract 
A fixed-period delay method is proposed to increase the detection range and detection stability of a ternary barcode detection 
system. The system combines an envelope differential detection technique containing nonlinear filtering and a fixed-period delay
to detect the barcode over a longer range and at higher scanning speeds while being simple and capable of handling a large 
amount of information. The system was demonstrated with its miniaturized circuit and it was established that the detection range
of the system for a minimum bar width W = 0.25 mm was 1.8 times that of the conventional count-latch envelope differential 
technique because of the stable delay achieved by a shift register and the noise suppression by a nonlinear filter. In addition, the 
system operated at a maximum scanning speed of 8.3 times that of conventional charge-coupled device (CCD) cameras under the 
practical detection range for W = 0.3 mm. This system is expected to enable the real-time identification of goods on production
lines and in automated warehouses.    
© 2009 Published by Elsevier Ltd. 
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1. Introduction
The real-time identification of barcodes (BCs) containing large amounts of information is needed for applications 
such as goods management on production lines in which high-speed detection is required. The use of high-density 
two-dimensional (2D) binary BCs or color 2D BCs for identification systems has been considered [1~3]. However, 
the maximum scanning speed with these techniques is limited to nearly 50 scans/sec because of the complicated 
processing of images taken by the CCD cameras [4], thus making the high-speed sorting of goods problematic. The 
author has developed a ternary barcode detection system (TBDS) that employs an envelope differential composite 
method and a laser for high-speed high-density BC detection to resolve this problem [5]. This system has a count-
latch memory for delaying the gray-black mixed code signal so as to separate it into gray and black code signals. The 
detection range of the system is narrow even for a practical minimum bar width W = 0.25 mm because of the 
distortion of the delayed mixed code signal through the counting period-latch timing instability and the fluctuation 
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Fig. 1. Schematic outline of the fixed-period delay ternary barcode detection system
of the differentiated signal through the noise contained in the average signal. 
In this paper, a TBDS employing a fixed-period delay (FPD) method is proposed to provide a longer range and a 
higher scanning speed while being simple and able to handle a large amount of information.  
2. Fixed-Period Delay Ternary Barcode Detection System 
An outline of the FPD TBDS using a laser diode scanner is shown in Fig. 1. Its detection method is explained in 
Fig. 2. In this system, an average signal is obtained through the subtraction of a 60 percent attenuated and slightly 
enveloped line of the detected barcode signal from the original signal. A black code signal is obtained by 
implementing the comparison of the average signal with a threshold VT1. When using high-density barcodes with 
extremely narrow bar widths, the gray signal in the average signal is of low intensity and is not at a stable level. 
Therefore, a differential method is used to obtain a stable gray code signal. To ensure stable detection, before the 
differential operation, the average signal is processed using a nonlinear filter (NLF) to suppress the sharp-edged noise 
contained in the average signal. The NLF output signal is differentiated to extract the transition of the NLF output 
signal’s waveform. Comparator-output pulses are obtained by implementing comparisons of the differential signal 
with the two thresholds VT2 and VT3. Comparator-output pulses correspond to the transitions from white to black or 
gray levels and the reverse. A gray-black mixed code signal is obtained by a presetting operation at the preceding 
rising edge of these comparator-output pulses and a resetting operation at the following rising edge using a preset-
reset circuit. The mixed code signal is then delayed for a fixed period td using a shift register, to eliminate the delayed                
Fig. 2. Waveforms explaining the operation principles of a ternary
barcode detection system employing the fixed-period delay method
Fig. 3. Operation waveforms of the prototype system at a detection
distance L = 8 cm. The minimum bar width W of a barcode is 0.25
mm. The fixed delay time period td = 2.5 ȝs
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signal’s distortion as in the conventional count-latch method. Gray and adjusted black code signals are obtained by 
the gating operation of the delayed mixed code signal and a selection pulse synchronized with the black and delayed 
mixed code signals. The added output of these code signals is decoded in a decoder using the selection pulse. 
The proposed system does not need complicated image processing and consists of a simple circuit configuration 
without causing an unstable delay. Therefore, it is expected to realize a miniature TBDS with a longer range and 
higher speed.  
 3. Experimental Results 
A prototype system for detecting a single-line four-character (except for start and stop codes) ternary BC has been 
developed. The miniaturized prototype was made using 21 integrated functional devices, nearly 1/3 the size of a 
conventional digital signal processing circuit, which operated properly over a wide detection range (Fig. 3).  
The system used a newly developed nonlinear filter shown in Fig. 4. Noise suppression by this NLF was tested. 
Even if the input voltage of this NLF (i.e. the operational amplifier (OP Amp) output voltage) decreases while the 
diode D3 between the OP Amp output and the NLF output Vo is on, the charge corresponding to a voltage of Vo is 
kept on a holding capacitance Ch until the other diode D4 turns on. In the reverse case when the input voltage of the 
NLF increases, D3 and D4 operate in reverse. Thus, the sharp peak signal of the output is suppressed. The noise 
suppression effect through the nonlinear filter is observed in Fig. 5. We can see that the sharp-edged noise contained 
in the average signal is suppressed so that the irregular change in the differential output is improved. The nonlinear 
filter has a nonlinear low-pass filter characteristic capable of cutting off high-frequency signals over 2.39 MHz 
dropping sharply in gain and clipping the top and bottom sharp-edged signals over 100 kHz as shown in Fig. 6. This 
shows that the peak level of the signal is suppressed at frequencies over 100 kHz. It is concluded that due to this peak 
suppression and high-frequency filtering effect, the sharp-edged noise in the average signal was suppressed, resulting 
in stable detection (not relatively intermittent detection).  
The detection performance of the system with this NLF was closely examined. The detection distance versus 
minimum bar width of the system is shown in Fig. 7, where it is compared with that of the conventional count-latch 
system (without the NLF). The detectable range for the BC with W = 0.25 mm, was increased to a practical range 5.3 
cm, which is 1.8 times longer than that in the conventional count-latch system. The detection range represents the 
difference between the maximum and minimum detection lengths, which are the distances between the barcode and 
                                                                                                                                        
Fig. 4. Configuration of the nonlinear filter circuit. The
capacitance of a holding capacitor Ch is 100 pF 
Fig. 5. Average signal and differential output signal waveforms at a
detection distance L = 11 cm: (a) without the nonlinear filter; (b)
with the nonlinear filter. W = 0.3 mm 
Fig. 7. Detection distance versus minimum bar width for the ternary
barcode detection system. td = 2.5 ȝs.  vs = 333 scans/s 
Fig. 6. Peak-peak output voltage versus frequency of the nonlinear
filter. The unity-gain frequency fT in the OP Amp is 㨪3 MHz. The
amplitude of the input sine wave signal is 0.5 V 
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the surface of a polygonal mirror scanner. The detection range was improved particularly in long detection distances, 
in which the detection signals are easily distorted, employing a shift-register stable delay for the mixed code signal. 
Noise suppression was effective in detecting high-density barcodes. Its effect also included a contribution to the 
detection range improvement for the BC with W = 0.25 mm.  
The author also tested the effect of the fixed delay time period. Fig. 8 shows the detection distance versus fixed 
period td for a BC with W = 0.3 mm. Within a wide range of td, from 0.5 ȝs to 5.5 ȝs, the detection distance L was 
kept constant. This shows that stable operation is achieved by the FPD method. 
Next, the possibility of high-speed detection was examined. It was established that the maximum scanning speed 
of 417 scans/s, which is 8.3 times higher than the ~50 scans/s achieved with the conventional CCD camera, was 
obtained under the practical detection range for a W of 0.3 mm (Fig. 9), because there was no need for complicated 
image processing. 
4. Conclusions 
 A novel ternary barcode detection system employing a fixed-period delay method, which is suitable to increase 
the detection range, was proposed. It was shown to be capable of providing detection over a practical usable range of 
5.3 cm using a barcode with a minimum bar width of 0.25 mm and a significantly miniaturized processing circuit. 
The detection range was extended to 1.8 times that of the conventional count-latch method because of the stable delay 
using a shift register and noise suppression with a nonlinear filter. The system with a minimum bar width of 0.3 mm 
enabled detection with an improved scanning speed of over 8.3 times that of conventional CCD cameras. It is 
expected that a high-speed high-density barcode detection system that still retains a large amount of information is 
realizable by increasing the number of scanning lines.  
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Fig. 8. Detection distance versus fixed delay time period. W = 0.3 mm Fig. 9. Detection distance versus scanning speed. W = 0.3 mm. td = 
2.5 ȝs
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